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I.  INTRODUCTION 

The  physical  and  chemical  data  collected  during  the  summer  of  1950 
in  the  James  River  oyster  seed  bed  area  are  tabulated  in  Chesapeake  Bay 
Institute  Data  Report  No.  7.  Some  of  the  conclusions  obtained  from  the 
analysis  of  the  data  have  been  presented  in  Chesapeake  Bay  Institute  Tech- 
nical Reports  III  and  IV  (Pritchard  1952). 

The  purpose  of  this  report  is  to  present  in  some  detail  the  techniques 
practiced  in  the  reduction  and  analysis  of  the  data.  All  reduced  data  in- 
cluding those  used  in  the  text  may  be  found  in  the  appendix. 

Whereas  Technical  Reports  III  and  IV  employed  the  English  Measure - 
System  this  report  will  present  its  calculations  using  the  Metric  System.  In 
addition,  some  terms  in  the  salt  balance  which  had  been  neglected  previously 
have  been  included  here. 


n.  THE  SALT  BALANCE  EQUATION 

Consider  a left-handed  coordinate  system  with  its  xj  axis  directed  hor- 
izontally downstream,  with  its  X2  axis  directed  vertically  downward,  and  with 
its  X3  axis  directed  laterally  across  stream. 

The  salt  balance  equation,  as  presented  in  Technical  Report  III  is 

dt  w,  Tx,  oxx  uj  axx 

where  w is  the  width  of  the  estuary  and  is  considered  to  be  a function  of  X2  only. 
For  mean  steady  state  (1)  becomes 


‘ oXx  ‘ 


^ bK^  ^ ^ 
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The  values  and  relative  importance  of  the  several  terms  in  equation  (2) 
may  be  seen  in  Table  I of  Technical  Report  III  for  a typical  James  River  station. 

The  equation  to  be  used  in  this  paper  differs  from  equation  (2)  by  the  in- 
clusion of  two  additional  terms,  the  first  representing  the  local  time  change  of 
mecui  salinity.  , and  the  second  the  longitudinal  width-change  effect, 

oTu 

The  inclusion  of  these  terms  does  not  alter  appreciably  the  previous  conclusions 
but  makes  for  completeness  of  solution. 

Including  these  terms  the  salt  balance  equation  is 

(3)  Ifr-fo-.siS.  4.0*.^  4.  i-  . >_ 

at  V VAJ  5x7  / • 

The  following  pages  will  present  the  procedures  followed  in  the  evaluation 
of  the  terms  in  (3).  • 

The  symbol  S designates  the  mean  concentration  of  salt  and  has  units  of 
grams  per  cubic  meter.  Hereafter  the  term  "salinity"  will  be  used  to  designate 
this  volume -concentration,  though  strictly  speaking  this  is  not  a correct  des- 
ignation since  "salinity"  normally  refers  to  a concentration  measure  in  grams 
per  kilogram. 

Data  for  three  stations  for  three  time  periods  were  analysed.  The  Stations 
J-11,  J-17,  and  J-24  and  their  respective  positions  are  shown  in  Figure  1.  The 
time  periods  were  18-23  June,  26  June  - 7 July,  and  17-21  July  of  1950. 


III.  REDUCTION  OF  R.AW  DATA 
A.  Current  Velocity  £hta 


Current  velocity  observations  were  obtained  by  the  confined  drag 
method  (Pritchard  and  Burt  1951). 
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Individual  current  velocity  observations  for  each  station  when  plotted  on 
a polar  diagram  indicated  that  the  currents  were  oscillatory  in  character, 
changing  direction  from  ebb  to  flood,  and  vice  versa  , through  180“  quite 
abruptly.  The  choice  of  the  particular  range  of  directions  which  were  des  = 
ignated  as  "flood"  directions  or  "ebb"  directions  was  made  on  the  basis  of  an 
examination  of  a polar-diagram-overlay  upon  the  plotted  position  of  the  partic- 
ular station  on  the  chart.  The  few  observations  with  directions  outside  of 
the  relatively  narrow  bands  designated,  (i.e.  , having  more  or  less  a cross- 
channel direction)  were  included  in  the  slack  water  observations  as  being  in- 
dicative of  the  period  of  change  of  current  direction  from  ebb  to  flood  or  vice 
versa. 

Designating  the  ebb  velocities  and  flood  velocities  as  positive  and  nega- 
tive, respectively,  a time  plot  of  the  horizontal  current  Vj  was  made  at  each 
station  for  each  period.  The  mean  flood,  mean  ebb,  and  net  non-tidal  current 
v^  were  then  determined  by  planimetering  the  areas  above  and  below  the  zero 
velocity  line. 

Only  at  Station  J-17  were  observations  taken  at  sufficiently  close  time  in- 
tervals to  permit  use  uf  the  direct  procedure  outlined  above.  For  each  of  the 
other  stations  the  curve  from  J-17  was  fitted  to  the  individual  velocity  measure- 
ments by  obtaining  a phase  lag  and  flood  and  ebb  velocity  factors.  In  addition 
the  duration  of  the  flood  and  ebb  currents  at  each  station  was  compared  with 
*bat  at  J-17.  This  permitted  velocity-time  curves  for  Stations  J- 1 1 and  J-24 
to  be  constructed  with  more  confidence  than  could  have  been  obtained  from  use 
of  the  limited  data  at  each  st.ation  independently  of  the  excellent  time  series  at 


J-17. 
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The  vertical  variations  of  the  mean  ebb,  mean  flood,  and  the  net  non-tidal 
velocities  at  Station  J-17  for  each  time  period  are  shown  in  Figures  2 and  3. 

B.  Salinity  Data 

The  first  half  of  the  salinity  data  was  obtained  through  chlorinity  titrations 
of  serial  samples.  The  second  half  of  the  salinity  data  was  obtained  using  an  in 
situ  temperature  and  conductivity  indicator. 

The  principal  task  in  the  reduction  of  the  salinity  data  was  to  obtain  a 
characteristic  mean  salinity  ye r s us  depth  curve  for  each  period  of  measurement. 

The  typical  vertical  variation  in  salinity  showed  at  middepth  a region  of 
relatively  rapid  change  separating  an  upper  layer  of  low  salinity  and  slight  grad- 
ient from  a lower  layer  of  high  salinity  and  slight  gradient.  The  depth  of  this 
halocline  varied  somewhat  with  time , and,  consequently,  a simple  average  of 
the  salinity  data  by  depth  tended  to  smooth  the  actual  curve,  yielding  a mean 
curve  showing  a more  nearly  linear  increase  in  salinity  with  depth  than  was 
characteristic  of  any  of  the  individual  curves.  Since  the  essential  feature  to 
be  maintained  was  the  average  vertical  gradient,  the  following  procedure  was 
employed  for  each  period. 

Individual  salinity  versus  depth  curves  were  plotted  for  serial  observa- 
tion. The  depth  of  maximum  vertical  salinity  gradient  was  selected  visually 
for  each  curve  and  the  salinity  values  were  read  off  of  each  curve  at  one  foot 
intervals  above  and  below  this  inflection  point.  Then  the  average  depth  and 
salinity  of  the  inflection  point  together  with  the  average  of  the  salinities  at 
the  one  foot  intervals  were  obtained.  The  mean  curve  for  each  station  and 
for  each  time  period  with  the  c!iaracteristic  shape  of  the  salinity-depth  curve 
was  the  result  of  this  procedure. 


The  mean  salinity-depth  curves  at  Station  J-17  for  three  periods  are 


illustrated  in  Figure  4. 

IV.  RESOLUTION  AND  EVALUATION  OF  THE  TERMS  IN  THE  SALT  BALANCE 


EQUATION 


A.  The  Loccil  Time  Change  of  Mean  Salinity 


ht 


Values  of  the  mean  salinity  for  each  time  period  were  plotted  against 
time,  and  values  of  the  gradient  were  determined  graphically  at  half-meter 


intervals  of  depth.  Values  of  S and 

at 

presented  in  Table  I. 


for  all  periods  at  Station  J-17  are 


Table  I 


Depth 

18-23  June 

26  June- 

7 July 

17-21  July 

(?rJ 

S 

(anfH’W 

0.0 

10.  86 

-0.42 

11.47 

-0.  18 

10.  72 

-0.  02 

0.5 

11.  00 

-0.36 

11.67 

-0.  12 

10.96 

-0.  05 

1.  0 

11.  06 

-0.  13 

11. 74 

-0.  11 

11.04 

-0.  16 

1.5 

11. 08 

0.  0 

11.75 

0.  0 

11. 06 

-0.  19 

2.  0 

11.  12 

-0.  01 

11.81 

0.  0 

11.10 

-0.  11 

2.5 

11.  16 

0.01 

12.04 

0.  1 

11.25 

-0.  12 

0 

11.42 

0.  08 

12.35 

0.4 

11  47 

-0.  19 

12.52 

0.25 

12.74 

0.4 

12.49 

-0.  35 

13.20 

0.48 

13.34 

0.4 

13.  J.3 

-0.49 

13.52 

1.55 

13.  62 

0.53 

13.46 

-1.  13 

5.  0 

13. 67 

1. 45 

13.69 

0.49 

13.59 

-1.  09 

5.5 

13.  76 

1.  00 

13.73 

0.38 

13.63 

-0.96 

6.  0 

13.90 

1, 05 

13.  88 

0.37 

13.72 

-0.  87 

6.5 

14.  14 

1.  19 

14.  08 

0.37 

13. 88 

-0.89 

7.  0 

14.42 

1. 20 

14.27 

0.  37 

14.  10 

-0.  94 

7.5 

14.72 

1. 20 

14.48 

0.37 

14.  33 

-0.  95 

B.  The  Longitudinal  Terms 

There  are  two  longitudinal  terms  in  equation  (3).  One  is  an  advective 
term  VJ*,  and  the  other  is  a non-advective  term  JL  ^ ^ 

’ b>c,  ^ hy.\  ^ 


18  June  - 23  JuneJSSO 
26  June  - 7 July  ,1350 
17  July  - 21  July,  1950 
Weighted  average  of 
all  three  periods. 


Depth  in  Meters 


J-17  Mean  Velocity  (in  ms') 


18  June  - 23  Junej950 
26  June  - 7 July,  1950 
17  July  - 21  July, 1950 
Weighted  average  of 
all  three  periods. 


FIGUE.E  3 
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1.  Advective  term 


This  term  consists  of  two  components,  the  mean  horizontal  velcoity  , 


and  the  mean  longitudinal  salinity  gradient  ^ - . The  method  used  In  pro- 

C>S 

curing  v,  has  been  discussed  in  part  III  A of  this  paper.  Values  of  ■ 

OX, 

were  obtained  by  plotting  the  observed  mean  salinity  at  hali-meter  intervals 
of  depth  against  horizontal  distance  and  determining  the  requisitve  gradients 
graphically. 

Values  of  vJ")  , , and  their  product  CT,  are  given  for  Station 


J-17  in  Table  II.  Negative  values  of 


represent  a downstream  flux 


of  salt. 


Table  II 

Values  of  {Ti  . ^ . and  ^ at  J-17  (18-23  June) 



Depth 

(jrr\)  I (fnv‘) 


erm  UJ  X t 


2.  The  Non -Advective  Terra  UO  OXt 


It  is  seen  that  essentially  the  longitudinal  non-advective  term  is  com- 
posed of  two  variables,  the  width  w and  the  deviation  product 


8 


Observations  of  velocity  and  salinity  for  tbis  study  were  obtained  at 
stations  located  in  the  main  channel  and  at  the  edge  of  the  main  channel.  The 
water  over  the  shallow  flats  inshore  from  the  channel  probably  does  not  par- 
ticipate in  the  net  flow  to  the  same  degree  as  the  water  over  the  deeper  areas, 
but  the  extent  of  this  iepaiture  was  unknown.  These  inshore  areas  could  most 
conveniently  be  treated  by  adjusting  the  width  of  the  section  at  shallow  depths 
so  as  to  effectively  eliminate  that  portion  of  the  estuary  which  was  not  par- 
ticipating in  the  mean  motion.  This  was  done  by  adjusting  the  values  of  w 
* 

above  1.5  meters  so  that  the  observed  river  flow  as  obtained  from  the  data 
supplied  by  the  Maryland  Geological  Survey  was  equal  to  our  calculated  net 
river  flow.  For  instance,  at  Station  J-17  for  the  period  18-23  June  1950 
the  Survey  data  give  a valu;  for  river  flow  of  0.  124  x 10^  cubic  meters  per 
second;  corresponding  to  this  in  Table  III  w has  been  adjusted  to  give  a value 


for  of  0"  124  X 10^  cubic  meters  per  second.  Figure  5 is  a typical 

X2. 

plot  of  the  adjusted  riv'r  widths  versus  depth  as  compared  with  the  actual 
widths  taken  from  the  James  River  chart. 

In  Technical  Report  III  it  w.aS  stated  that  the  deviation  product 
could  be  determined  by  use  of  the  expression 


S J\ 


r 

jj 


I ^ ^ * 

UU,  -t- 


<U|'S">ci(r,  ^ - O 


'I 


Neglecting  the  lateral  variation  in  the  variables  for  purposes  of  numeri- 
cal integration,  it  is  practicable  to  designate  dcr,  as  whence  equation 


* 


For  Stations  J-11  and  J-17  the  adjusted  depths  were  i.5  meters.  For 
Station  J-24  the  corresponding  depth  was  1.0  meter. 


Cor*(parison  of  actual  cross-section  with  eflecti/e  cross-section 
used  in  salt  balance  calculations.  Cross-hatched  portion  is 
excli-ded  from  eficctive  area. 
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(4)  becomes 


(5) 


“'i  Hi 


Assuming  that  the  vertical  variation  in  < ^’>  is  negligible  and  solving 

equation  (5)  for  the  required  deviation  product  we  obtain 


(6) 


c 

a 


A negative  value  of  and  hence  indicates  an  upstream 

diffusion  of  salt  and  a positive  value, a downstream  diffusion  of  salt. 

In  order  to  obtain  the  longitudinal  gradient  of  plots  of 

UJ^l7,*S*^ersus  X.  were  made  and  values  of  ^ then  were  read 

' " bKx 

off  of  the  graphs  at  the  appropriate  values  of  x^.  Subsequent  division  of  this 
term  by  the  value  of  the  width  at  the  prescribed  depth  then  gave  the  desired 
horizontal  non-adve  ctive  term,  -1  ^ ^ ^ Table  ill  gives  in  some  detail 
the  procedure  followed  in  this  series  of  calculations  at  Station  JT-17  for  period 
18-23  June,  1950.  (See  page  10.) 

B.  The  Vertical  Terms 


There  are  two  vertical  terms  in  equation  (4).  One  is  an  advective  term 


and  the  other  is  a non-adv active  term  ~ &w<v,'s->  , 

3kv  -I  5S  ^ 

1.  Advective  Term  ^ ^ ^Vgy. 


This  term  involves  tw'O  compon';nts,  the  mean  veitical  velocity  VTj  , 

bB 

and  the  mean  vertical  saiinity  gradient 

The  method  used  tc  obtain  from  the  raw  data  has  oeen  discussed 

in  part  13 -B  of  this  report. 
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The  mean  vertical  velocity  was  obtained  by  tp*king  its  average 

value  as  found  from  two  methods,  each  c-f  which  is  based  on  continuity  con- 
cepts and  use  of  the  mean  horizontal  velocities. 

The  first  method  utilized  to  obtain  V2  is  based  on  equation  (9)  of  Tech- 
nical Report  III.  It  is 


Let  us  consider  a segment  of  an  estuary  extending  from  the  surface  to 
sojpe  depth  X2  and  being  bounded  at  each  end  by  a known  cross  section  where 
mean  horizontal  velocities  are  available.  Since  the  volume  of  water  flowing 
into  this  segment  must  be  equal  to  that  volume  flowing  out  (xieglecting  changes 
in  density  within  the  segment),  a knowledge  of  the  parameters  v,  , w , and 
X£  will  combine  to  yield  a value  for  the  mean  vertical  velocity  in  this  segment 
In  our  case,  since  data  were  available  from  three  stations,  it  is  obvious  that 
we  have  three  segments,  namely,  11-17,  17-24  and  11-24. 

From  equation  (7)  we  have 


By  taking  the  mean  values  of  the  parameters  at  the  cross-sectional 
boundaries  of  each  section  and  integrating  numerically  it  is  possible  to  solve 
for  V2  and  rewrite  (8)  as 


(9) 


U)  - 


UJ  u 


whe  r e 
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The  procedure  adopted  for  solution  of  (9)  is  presented  in  Table  IV  for 


segment  11-24. 


Table  IV 

Evaluation  of  from  Equation  (9)  at  J-17 


The  value  of  obtained  is  the  mean  for  each  segment  and  in  this  treat- 
ment is  taken  to  be  that  value  at  the  midpoint  of  the  section.  Since  it  was  de- 
sirable that  be  obtained  at  each  station,  a plot  of  V2  versus  was  made. 
These  curves  were  then  extrapolated  to  the  desired  station  and  the  corresponding 


13  - 


value  of  V£  read  off. 

The  second  method  utilized  in  obtaining  the  mean  vertical  velocity  again 
follows  from  equation  (7). 

Since  the  segment  is  taken  such  that  the  lateral  boun^’  ries  are  the  sides 
of  the  estuary,  the  lateral  velocity  does  not  enter  into  the  equation.  Neglecting 
the  lateral  variations  in  the  component  velocity  v^  , and  taking  the  partial  de- 
rivative with  respect  to  x^,  equation  (7;  becomes 


(10) 


ip 


where  a^d  (x^)^  represent  the  position  of  the  two  cross  sections. 


(11) 


Solving  equation  (10)  for  ^2  « we  have 

O 

^2-  -^^2. 


In  order  to  evaluate  (11)  it  is  necessary  to  have 


This  was  obtained 

by  plotting  the  product  U*|UkJ  versus  xj  and  reading  the  gradient  graphically. 
The  calculations  obtained  and  the  procedure  followed  are  presented  in  Table  V 
for  Station  J-17  for  the  period  18-23  June.  (See  page  14.) 

The  value  of  the  mean  vertical  velocity  used  in  the  sale  balance  equation 
was  the  average  value  of  V2  as  obtained  from  the  above  two  methods.  These 
values  are  presented  for  Station  J-17  in  Table  VI.  Plots  of  the  respective 
components  and  their  averages  may  be  found  in  Figure  6. 

Finally,  in  order  to  obtain  the  completed  vertical  advective  term,  the 


products  of  Vo  and  ^ ^ were  formed.  The  values  of  VJ«t— — — ■ for  Station 

^ 2 V..  ^ >0 


J-17  are  given  in  Table  VI.  (Sec  page  14.) 
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Table  V 


Evaluation  of  V2  from  equation  (11)  at  J-17  (18-23  June) 


Table  VI 

Values  of  iji  . ^ andlji  ^ at  J-17  ( 18-23  June) 


Depth  in  meters 


The  evaluation  of  the  vertical  non-advective  term  is  a direct  procedure. 


Upon  solving  equation  (3)  for  ^ 


we  have 


(12)  _-L^w<J£is:>  - ^ , I ^uj<g^S'> 

iiXi  dt  ^ dx,  ^dxj.  w bx,  • 

Since  the  terms  on  the  right-hand  side  of  equation  (12)  have  been  numeri- 
cally evaluated,  it  is  possible  to  find  the  vertical  non-advective  term  by  alge- 
braically summing  these  various  terms.  Typical  values  of  this  term  at  Station 
J-17  are  presented  in  the  last  column  of  Table  VIII. 

It  is  seen  that  the  vertical  non-advective  term  is  composed  of  two  para- 
meters, the  width  w and  the  vertical  deviation  product  ^UTx'S*X  Because  a 
knowledge  of  the  vertical  variation  of  can  be  made  to  provide  a 

verification  of  the  technique  adopted  and  because  this  term  i3  identified  with 
the  classical  diffusion  term,  its  solution  is  carried  out. 

Integrating  partially  with  respect  to  X2>  equation  (12)  gives  for 

,13,  = ;i[ 

Solution  of  equation  (13)  requires  an  evaluation  of  the  constant  of  integra- 
tion C (which  may  be  a function  of  x^).  Boundary  conditions  for  this  equation 
are  that  be  zero  at  the  surface  (neglecting  evaporation  and  precipitation) 

and  the  bottom.  Only  one  of  these  conditions  is  required  in  the  evaluation  of  C. 

Setting  <ViS'>  equal  to  zero  at  the  bottom  permits  the  numeiical  evalua- 
tion of  equation  (13)  to  be  carried  out  where,  for  convenience,  the  direction  of 
integration  is  from  bottom  to  surface.  T>;e  results  of  such  calculations  for 
Statiorx  J-17  are  given  in  Table  VII  for  all  periods. 


i 

f 
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Table  VII 

Values  of  for  all  periods  at  J~17 


Depth 

(»n) 

lS-23  June 

16  June-7  July 

17-21  July 

0.0 

1.8 

53.6 

9.8 

0.5 

223.  3 

265.  1 

268.0 

1.0 

409.  7 

443.5 

480.6 

1.5 

551.3 

585.0 

639.6 

2.  0 

651.  0 

747.0 

746.  7 

2.5 

795.2 

898.5 

900.2 

3.0 

912.  6 

1024.4 

1021.  1 

3.5 

873.  7 

1030.9 

994.  0 

4.  0 

789.9 

987.9 

919.3 

4.5 

726.  7 

973.9 

883.  6 

5.0 

647.9 

927.9 

823.0 

5.5 

527.  7 

779.9 

688.  2 

6.  0 

398.  7 

583.  0 

520.9 

6.5 

280.  2 

384.4 

351.  7 

7.  0 

150.  0 

183.9 

174.3 

7.5 

0.  0 

0.  0 

0.  0 

The  success  of  this  integration  in  satisfying  the  surface  boundary  condition 
that  be  zero  is  a test  of  the  validity  of  the  method  employed  in  this 

analysis.  A plot  of  versus  depth  at  Station  J-17  for  all  periods  is 


presented  in  Figure  (7).  It  is  seen  that  the  boundary  condition  at  the  s'lrface 


I is  very  nearly  satisfied  in  all  tiiree  cases,  thus  providing  a measure  of  confi- 

dence  in  the  procedure  followed. 

L 

V.  RESULTS 

|]  Table  VIII  lists  values  of  the  various  components  of  equation  (3)  for  Station 

- J-17  during  the  period  lS-23  June  1950. 

Table  VIII 


Tabulation  of  Terms  in  Equation  (3)  at  J-17  (18»23  June) 


18  . 


In  terms  of  maenitude  the  results  of  the  calculations  show  that  the  verti- 

«D 

cal  non-advective  term  horizontal  advective  term  iT, 

are  of  major  importance  in  the  salt  balance  equation.  The  vertical  advective 
term  \Jj_  is  of  considerable  magnitude  at  middepths  onlv,  reaching  a 

- &g 

magnitude  there  comparable  to  that  of  VJ|  . The  local  time  change  of 


mean  s 


alinity  ^ — and  the  horizontal  non-advectivs  term  — - • o ■ -- - ^ 

6t  ^ 


in  all  cases  were  one  or  more  orders  of  magnitude  less  than  the  significant  terms. 
VI.  THE  RELATIONSHIP  BETWEEN  THE  TIDE  AND  THE  VERTICAL  MIXING 


TERM 


Since  the  tide  is  considered  to  be  the  most  important  factor  governing 
mixing  processes,  it  is  worth  while  to  investigate  any  possible  establishment 
of  a functional  relationship  between  tidal  velocities  and  the  mean  vertical  de 
viation product  ^ U^S*^  . 

The  tidal  velocities  for  each  period  of  observation  were  available  from  the 
USC&GS  current  tables.  The  velocities  are  given  at  a reference  station  near  the 
mouth  of  the  James  River.  The  velocity  pattern  at  each  of  the  stations  investiga- 
tion can  be  shown  to  be  very  similar  to  that  given  at  the  nearby  reference 
station. 

The  vertical  deviation  product  ^U'g^.'S'^s  obtained  by  the  method  described 
in  this  report  was  used  in  this  analysis. 

Since  it  was  expedient  to  plot  the  data  for  all  three  stations  on  a single 
graph  for  convenience  of  observation,  denominators  of  similar  magnitude  were 
obtained  for  the  mean  deviation  products  at  each  station  by  multiplying  ^ 
by  the  mean  value  of  w at  that  station.  The  procedure  adopted  in  obtaining 
U)<UiS’>  is  given  in  Table  IX  for  all  three  stations. 


FIGURE  8 
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Table  IX 

Evaluation  of  •JL)<U^S>  for  all  stations  and  periods 


Period 

1 

J-11 

1 J 

J-17 

J-24 

VJU 

Crh)<\c? 

(qrnV'ifl^ 

ui 

(^rns"')y:io 

Gj 

to 

UJ 

Cq»hV’)/«? 



00<LTtS'> 

18-23 

June 

3.  10 

418 

1298 

2.24 

5?-9 

'y  ' — 

1186 

1. 72 

786 

1352 

26  June- 
7 July 

3.  10 

415 

1287 

2.24 

666 

1492 

1.  72 

847 

1457 

17-21 

July 

3.  10 

487 

1510 

2.24 

642 

1439 

1. 72 

839 

1443 

amplitude 

The  plot  of  versus  tidal  current  velocity  is  presented  in  Figure 

8 for  all  stations.  That  a relationship  between  the  two  parameters  exists  is 
apparent.  Of  the  three  sets  of  points  obtained,  one  set  for  each  station,  it  is 
seen  that  only  one  point  belonging  to  the  J-11  set  is  divergent  from  the  general 
trend  exhibited. 

This  result  is  significant  since  it  not  only  confirms  the  hypothesis  that  the 
mixing  processes  are  related  to  tidal  action,  but  also  offers  a means  of  predicting 


the  random  terms. 
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APPENDIX 


All  reduced  data  and  their  evaluations  are  presented  in  eleven  tables 
for  all  periods  at  Stations  J- 1 1 , J-17,  and  J-24. 


e >S 
Table  I:  S 

Table  n:  , SiFjljJ 

Table  III; 

Table  IV:  — } 

W dK, 

Table  V: 

Table  VI; 

Table  VII:  (^  = ( [ga]« 

Table  VUl;  Vl,  , , I?,  ^ 

Table  IX:  1 5ul<lrt  S*>  * 

Table  X:  <U^S'> 

© <u^> 
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Page  53 
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Page  65 
Page  74 
Page  83 
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18-25  June 

1 

26  June-'; 

July  1 

17-2: 

- July 

Depth. 

(m) 

S 

Car?\^)>C 

(QrnV*)*\(? 

s 

(Qi^^  V*)x  \<^ 

5 

, 

0.0 

15.26 

-0.25 

15.80 

-0.12 

14.45 

0.02 

0-5 

15.54 

00.23 

15.90 

-0.11 

15.52 

0.0 

1.0 

15.59 

-0.24 

16.07 

-0.12 

15.59 

0.0 

1.5 

15.51 

-0.l4 

16.  l4 

-0.05 

15.65 

-0.02 

2.0 

15.71 

-0.11 

16.18 

-0.10 

15.75 

0.01 

2.5 

16.  o4 

-0.19 

16.29 

-0.13 

16.03 

-0.02 

5.0 

16.61 

-0.13 

16.57 

-0.10 

16.52 

0.00 

5.5 

17 .28 

-0.25 

17.16 

-0.01 

17.22 

0.07 

4.0 

17.64 

-0.24 

17.50 

-0.08 

17.5c 

0.04 

^.5 

17.85 

0.36 

17.74 

0.13 

17.64 

-0.29 

5.0 

17.76 

0.44 

17.^ 

0.13 

17.74 

-0.56 

5.5 

18.  o4 

0.72 

17.95 

0.l4 

17.82 

-0.55 

6.0 

18.12 

l.OC 

18.02 

0.26 

12.87 

-0.67 

6.5 

18.21 

1.08 

18.08 

0.51 

17.04 

-0.65 

7.0 

1 A on 

-*.w  , 

0 .96 

1S..18 

0.24 

18.10 

-0.49  ! 

7.5 

18.58 

0.90 

18.26 

0.24 

18.20 

-0.49  1 
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Depth 

(m) 

s 

(mS'") 

U) 

0.0 

15.50 

0.161 

4.50 

0.5 

15.56 

0 .117 

4.50 

1.0 

15.45 

0 .080 

4.30 

1.5 

15  .61 

0 .048 

4.30 

2.0 

15.88 

0.018 

5.52 

2.5 

16.55 

-0 .015 

3.14 

5.0 

16.95 

-0.045 

2.98 

5.5 

17.47 

-0.077 

2.76 

4.0 

17.74 

-0.102 

2.55 

4.5 

17.80 

-0.108 

2.41 

5.0 

18.00 

-0.101 

2.27 

5.5 

18.08 

-0.086 

2.09 

6,0 

18.17 

-0.074 

1.85 

6.5 

18.25 

-0.070 

1.48 

7.0 
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Table  II 

J-11  (June  26  - July  7) 


i 


i 
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Tatle  II 

J-24-A  (18-23  June) 


Depth 

(m) 

mm 

UJ 

{rn)x.\o‘^ 

SIJ.UL)  ^ 

(qir0''s"')x.lO 

0.0 

4.15 

0.173 

3.47 

0.6C0 

2.49 

0.5 

1.0 

4.16 

0.075 

3.47 

0.261 

1.08 

1.5 

4.18 

0.020 

3.47 

0.069 

0.29 

2.0 

4.19 

-0.012 

2.42 

-0.030 

-0.13 

2.5 

4.23 

-0.033 

1.84 

-0.061 

-0.26 

3.0 

4.38 

-0.052 

1.44 

-0.075 

-0.33 

3.5 

4.71 

-0.065 

1.24 

-0.081 

-0.38 

4.0 

5.36 

-0.073 

1.17 

-0.085 

-0.46 

4.5 

5.70 

-0.078 

1.04 

-0.081 

-0.46 

5.0 

5.5 

5.83 

-0.080 

0.93 

-0.074 

-0.43 

5.91 

-0.C80 

0.84 

-0.067 

-0.4o 

6.0 

5.97 

-0.080 

0.61 

-0.o49 

-0.29 

6.5 

6.08 

-0.080 

0.55 

-0.042 

-0.26 

7.0 

6.15 

-0.080 

0.48 

-0.057 

-0.25 

1 
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TaWa  IC 

J-24-A  ; 17-21  July* 


Depth 

(m) 

§ 

■Cfi 

LLT 

SU.OJ 

( Cirrr‘^)xvo'^ 

CrnV') 

'h  ^0 

iqTT>-V')X\o 

0.0 

A.ii 

0.13.5 

5.59 

0 . 66^ 

2.73 

oo 

4.13 

u . ICi 

5.59 

• 0.563 

1.50 

1.0 

^.14 

0.029 

3.59 

0.i04 

0.43 

1.5 

4.i6 

-0.016 

2.-2 

-0.059 

-0.16 

2.0 

4.18 

-O.Oi^p 

. 1.84 

-0.083 

-0.55 

2.5  • 

k.25 

-0 .064 

' 1.44 

-0.092 

-0.39 

5.0 

h.i^a 

-0.07? 

1.24 

-0.095 

-0.45 

5.5 

1 

h.97 

-0.083 

1.17 

-0.103 

-0.51 

if-.o 

5.59 

-0.095 

1.04 

-0.099 

-0.35 

4.5 

5.55 

-0.102 

? 0.9.5 

-0.C95 

-0.55 

5.0 

5-64 

-0.106 

0.34 

-0.089 

-0.50 

5.5 

t 

5.72  - 

-O.i08 

0.6l 

-0.066 

-0.58 

6.0 

5.?te 

-0,109 

0.55 

-O.C;>8 

-0.3^' 

6.5 

5.91 

-0.109 

; 0.48 

0 0.52 

-0.51 

7.0 

I 

1 
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Ta-ble  III 


Si/a. 

Period 

18-25  June 

21.01 

0.121+ 

0.130 

-0.005 

J"ll 

26  June-7  July 

20.75 

0.101+ 

0.160 

-0.007 

17-21  July 

21.27 

0.150 

0.100 

-0.001+ 

18-25  June 

16.1+1 

0.121+ 

0.185 

-0.011 

J-17 

26  june-7  July 

16.97 

0.101+ 

0.065 

-0.005 

17-21  July 

16.1+7 

0.150 

0.150 

-0.007 

18-25  June 

11.1+7 

0.121+ 

0.120 

-0.010 

j-2h 

26  June-7  July 

10.95 

0.101+ 

0.150 

-0.011 

17-21  July 

11.65 

0.15c 

0.120 

-0.010 

1 


Table  TJ 

J-11  (18-23  June) 


Depth. 

iy^) 

'jl) 

j.  6 I 

lirosssss 

0.0 

4.50 

-0.003 

-22.0 

11  8 

2.74 

0.5 

4.30 

-0.003 

-22.0 

11.8 

2.74 

1.0 

4.50 

-0 .005 

-22.0 

11.8 

2.74 

1.5 

4.30 

-C.005 

-22.0 

11.9 

2.0 

3-71 

-0.005 

-I8.O 

17.1 

2.5 

3.21 

-0.005 

-16.0 

19.9 

6.20 

3.0 

3.06 

-0.005 

-15.0 

16.1 

5.26 

3.5 

2.88 

-0.005 

-l4.o 

13.7 

4.75 

4.0 

2.64 

-0.C05 

-15.0 

11.3 

4.47 

4.5 

2.49 

-0.005 

-12.0 

9.50 

5.82 

5.0 

2.35 

-0.005 

-12.0 

7.65 

3.25 

5.5 

2.19 

-0.005 

-10.0 

9.28 

4.24 

6.0 

1.98 

-0.005 

-10.0 

9.28 

4.69 

6.5 

1.69 

-0.005 

- 8.5 

9.94 

5.88 

7.0 

1.19 

-0.005 

- 5.9 

12.5 

10.50 

7.5 

0.59 

-0.005 

- 2.9 

12.3 

20.85 

i 


» 3?  .. 


Table  rv’^ 

J-11  (17-21  July) 


O.OOJi 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
0 .004 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
0.004 
■0.004 


-18.0 

-18.0 

-18.0 

-18.0 

-15.0 

-15.0 

-12.0 

-12.0 

-11.0 

-10.0 

- 9.3 

- 8.7 

- 7.9 

- 6.8 

- 4.7 

- 2.4 


-2.21 

-2.21 

-2.21 

-1.48 

5.62 

5.60 

5.55 

4.55 
5.05 
5.4o 
4.29 
4.65 
5.98 

5.10 

6.10 
6.10 
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Table 

J-17  (17-21  Julor) 


(.'rvv^KvcT^ 

a Oi  Cyj!  S> 
(airy\*^S*!))00 

uj 

(c)(A?3v')y  10 

5.06 

-0.007 

-21.0 

15.3 

* 5.03 

5.06 

-0.007 

-21.0 

15.3 

5.03 

3.06 

-0.007 

-21.0 

15.3 

*5.05 

3.06 

-0.007 

-21.0 

5.95 

1.96 

3.02 

-0.007 

-21.0 

4.69 

1.55 

2.69 

-0.007 

-19.0 

2.50 

0.86 

2.34 

-0.007 

-16.0 

0.0 

0.0 

2.17 

-0.007 

-15.0 

0,0 

0.0 

2.02 

-0. ■ 07 

-l4.o 

-0.51 

0.23 

1.80 

-0.007 

-13.0 

-0.56 

-0.31 

1.63 

-0-007 

-u.o 

-i.05 

-0.65 

1.57 

-0.007 

-11.0 

-1.32 

-0.84 

1.53 

-0.007 

-10.0 

-1.43 

-0.93 

1.44 

-0.007 

-10.0 

-1.75 

-1.20 

1.34 

-0.007 

- 9.2 

-0,51 

-0.38 

1.06 

-0.007 

- 7.4 

0.31 

-0.48 

Table  IV 

J-2h  (17-21  July) 


-0.010  -35-0 


-0.010 


-0.010 


-0.010 


-0 .010 


-0.010 


-0.010 


-C.OlO 


-0.010 


-0.010 


-0.010 


-0.010 


-0.010 


-0.010 


-0.010 


-0.010 


-35.0 

-27.0 


-16.0 


Table  V 

Segment  17-H  (18-23  June) 
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Table  V 

Segment  17-11  (26  June-7  July) 


I’abie  V 

Segment  2U-11  (18-23  June) 
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o 
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pH 

(M 
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p 
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UN 
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)«219  0,170  0.T13  1 0.?0'  1.16 


Table  V 

Segment  2U-11  (26  June-7  July) 
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1 1 1 1 1 1 1 1 I i 1 i 

^ i 

vOvOsO  rH  O\1/\VOVO  O\-d^CO0OvO  r~rH'0 
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O««O«0*ttA««O**O* 
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Table  V 

Segment  2U-11  (17-21  July) 


Segment  T18-23  June) 
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Table  V 

Segment  2^-17  (17-21  July) 
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Table  VI 

J-11  (18-25  June) 


Depth 

{^) 

Width 

(Va4  % lO’® 

[yv'vO  Tt\o 

X. 

Cw\H“')x'cr^ 

CwwOxvo^ 

0.0 

it  .30 

0.489 

0.00 

0.00 

0.5 

it. 30 

0.268 

0.489 

-0.057 

1.0 

4.50 

0.155 

0.757 

-0.088 

1.5 

if. 50 

-0.027 

0.912 

-0.106 

2.0 

3.71 

-0.142 

0.384 

-0.120 

2.5 

5.21 

-0.122 

0.742 

-0.116 

3.0 

3.06 

-0.171 

0.571 

-0.093 

3.5 

2.88 

-0.180 

0.399 

-0.069 

U.o 

2.& 

-0.266 

0.173 

-0.053 

^.5 

2.49 

-0.171 

0.002 

-0.004 

5.0 

2.35 

-0.l4o 

-0.128 

0.027 

5.5 

2.19 

-0.094 

-0.225 

0.051 

6.0 

1.98 

-0.009 

-0.231 

0.058 

6.5 

1.69 

0.019 

-0.212 

0.059 

7.0 

1.19 

0.037 

-0.176 

0.072 

i 

7.5 

0.59 

-0,154 

o..®85>  ^ 

1 In  Table  VI  V2  given  in  meters  per  second  times  10*^.  All  other  tables 
give  ii  in  meters  per  second  times  10? . 
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Table  VI  r 

J-U  (26  June-7  July)  li 


Depth 



Width 

Cmi”)  )Oo 

X.  AXj. 

X.vo"^ 

L/r\s-')  Avo4 

0.0 

4.16 

0.368 

0 .00 

0.00 

0.5 

4.16 

0.222 

0.368 

-o.o44 

1.0 

4.16 

0,091 

0.590 

-0.071 

1.5 

4.16 

0.004 

0.681 

-0.081 

2.0 

3.71 

-0.079 

0.677 

-0.091 

2.5 

3.21 

-0.111 

0.566 

-0.088 

5.0 

3.06 

-0.128 

0.438 

-0.072 

3.5 

2.88 

-0.133 

0.305 

-0.053 

4.0 

2.64 

-0.027 

0.172 

-0.032 

4.5 

2.49 

-0.113 

0.045 

-0.009 

5.0 

2.35 

-0.092 

-0 . 06G 

0.014 

5.5 

2.19 

-0.061 

-0.160 

0.037 

6.0 

1.93 

-0.009 

-0  .221 

0.056 

6.5 

1.69 

0.007 

-0.214 

0.065 

7.0 

1.19 

-0.004 

-0.207 

0.087 

7.5 

0.59 

-0.211 

0.178 

I 


Tatle  VI 

J-11  (17-21  Jiily) 
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Table  VI 

J-17  (18-23  June) 


Depth 

(.vyO 

Width 

C«nrvs"0 

^'2. 

Cm-S”')  K'O^ 

0.0 

K^ 

0 

0.027 

0.00 

0.00 

0.5 

3.03 

0.071 

0.027 

-0.004 

1.0 

3.03 

0.071 

0.098 

-0.016 

1.5 

3.05 

0.086 

0.169 

-0.028 

2,0 

3.02 

0.065 

0.255 

-0.042 

2.5 

2.69 

0.036 

0.520 

-0.060 

5.0 

2.34 

-0.035 

0.356 

-0.076 

5.5 

2.17 

-0.039 

0.321 

-0.074 

4.0 

2.02 

-0.044 

0.281 

-0.069 

4.5 

1.80 

-0.062 

0.238 

-0.066 

5.0 

1.63 

-0.093 

0.175 

-0.054 

5.5 

1.57 

-o.o4o 

0.085 

-0.037 

6.0 

1.53 

-o.o4i 

o.o45 

-0.021 

6.5 

1.44 

-o.o4o 

0.002 

-0.006 

7.0 

1.34 

-0 . 056 

-0.057 

0.014 

7.5 

1.06 

-0-.045 

0.020 
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Table  VT 

J-17  (17-21  July) 


Depth 

L^) 

0.0 

0.5 

1.0 

1.5 
2.0 
C3  t; 

w 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 
7.0 

7.5 


Width 

Cm)  X\0"^ 


Cm-S“*)  jl.*o 


3.47 

3.47 

3.47 

2.71 

2.12 

1.62 

1.32 

1.20 

1.13 

0.96 

0.90 

0.71 

0.55 

0.51 

0,46 

o.4i 


"0.437 

0.023 

0.251 

0.272 

0.195 

0.132 

0.072 

0.007 

-0.057 

-0.012 

-0.098 

-0.109 

-0.045 

-0.026 

-0.11 


0.00 

-0.437 

-0.412 

-0=161 

o.in 

0.306 

0.458 

0.510 

0.517 

o.46o 

0.448 

0.550 

o.24i 

0.196 

0.170 

0.152 


0.00 
0 063 
0.059 
0.029 
-0.026 
-0.095 
-0.166 
-0.212 
-0.229 
-0.240 
-0.249 
-0.246 
-0.220 
-0.192 

-0.155 

-0.115 
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Table  VI 

j-24  (26  Jiuie-7  July) 


Depth 

'vV*A) 

Width 

ly^) 

Crr\v0  /,\o 

VJx 

0.0 

5.11 

-0.231 

0.00 

0.00 

0.5 

5.11 

0.001 

-0.23. 

0.037 

1.0 

3.11 

0.124 

-0.230 

0.037 

1.5 

2.71 

0.210 

-0.106 

0.022 

2.0 

2.12 

. •€ 

0.192 

0.105 

0.019 

2.5 

1.62 

0.162 

0.298 

-0.092 

5.0 

1.52 

0.055 

0.470 

-0.178 

5.5 

1.20 

-0.014 

0.525 

-0.219 

4.0 

1.13 

-0.074 

0.511 

-0 .226 

4.5 

0.96 

-0.028 

0.437 

-0.228 

5.0 

0.90 

1 

0 

• 

0 

0.409 

-0.227 

i 

5.5 

0.71 

-0.084 

0.322 

-0.227  : 

i 

6.0 

0.55 

-0.075 

0.258 

-0.216 

1 

6.5 

0.51 

-0.058 

0.163 

-0.158  i 

1 

7.0 

0.4l 

-.059 

0.103 

-0.114  1 

7-5 

0.4i 

0.046 

-0.056 

i 

1 
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Table  VI 

J-24  (17-21  July) 


Table  VII 
Station  J-U 


Table  VII 
Station  J-l? 


-lO.ll  0.0?0  O.lf^  0.73  +0.0U  0Ji3  0.61  0.01  0.71 
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Table  VIII 
J-].l  (18-25  J’one) 


Depth 

( TYW  0 

SIBEBuS 

0.0 

0.180 

2.99 

0 .538 

0.00 

0.24 

0.00 

0.5 

0.157 

2.99 

0.410 

-0.50 

0.15 

-0.065 

1.0 

0.098 

5.01 

0.295 

-0.71 

0 

H 

-0.121 

1.5 

0.062 

5.05 

0.189 

-0.90 

0.52 

-0.288 

2.0 

0.055 

5.15 

0.104 

-1.00 

0.55 

-0.550 

2.5 

0.005 

5.29 

0.010 

-0.01 

0.90 

-0.909 

3.0 

-0.028 

3.59 

-0.095 

-0.87 

1.24 

-1.079 

^ C 

1 

-0.061 

5.24 

-0.198 

-0.71 

1.05 

-0.751 

If.O 

-0.095 

2.97 

-0.276 

-0.45 

0.55 

-0.247 

-0.110 

2.78 

-0.506 

-0.20 

0.52 

-o.o64 

5.0 

-0.107 

2.68 

-0.287 

0.08 

0.21 

0.017 

5.5 

-0.095 

2.61 

-C .248 

0.51 

0.16 

0.050 

6.0 

-0.078 

2.54 

-0.198 

0.42 

0.17 

0.071 

6.5 

-0.071 

2.49 

-C.177 

0.47 

0.17 

0.080 

7.0 

-0.070 

2.45 

-0.171 

0.55 

- 

0.17 

0.095 
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Table  VlII 
J-11  (26  June-7  July) 
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Table  VIII 
J-11  (17-21  July) 


Depth 

(irvNS-'^ 

io 

O'* 

))itO 

(w\-s-’)X'o^ 

C<5wv-^S'')x«o’ 

0.0 

0.190 

5.25 

0.617 

0.00 

0.15 

0.00 

0.5 

0.156 

5.21 

0.501 

-0.46 

0.l4 

-o.o64 

1.0 

0.117 

3-16 

3.70 

-0.73 

0.13 

-0.095 

1^5 

0.075 

5.15 

0.230 

-0.93 

0.16 

-0.147 

2.0 

0.036 

3.19 

0.115 

-1.09 

0.58 

-o.4l4 

2.5 

0.006 

3.24 

0.019 

-1.11 

0.77 

-0.855 

5.0 

-0.027 

5.25 

-0.068 

-1.06 

1.19 

-1.261 

5.5 

-0.065 

5.13 

-0 .203 

-0.92 

0.98 

-0.902 

4.0 

-0.103 

2.63 

-0.271 

-0.73 

0.42 

-0.307 

4.5 

-0.129 

2.54 

-0 .328 

-0.44 

0.24 

-0.106 

5.0 

-0.125 

2.51 

-o.3i4 

-0.10 

0.18 

-0.018 

5.5 

-0.115 

2.50 

-0.287 

0.21 

0.13 

0.027 

6.0 

-0.110 

2.49 

-0.274 

0.59 

0.12 

0.047 

6.5 

-0.110 

2.49 

-0.274 

0.52 

0.23 

0.120 

7.0 

-0.110 

2.49 

-0.274 

0.65 

0.37 

0.241 

Table  VIII 

J-I7  (26  June-7  July) 


Depth 

\y^) 


or, 

0.151 

5.84 

0.505 

0.00 

0.41 

0.00 

0.111 

5.84 

0.426 

-o.o4 

0.26 

-0.010 

0.092 

5.90 

0.560 

-0.18 

0.08 

-0.014 

0.068 

5.94 

0 .268 

-0.45 

0.07 

-0.051 

0.0^7 

4.00 

0.188 

-0.72 

0.29 

-0.209 

0.022 

4.10 

0.090 

-0.90 

0.54 

i 

-0.486 

-0.004 

4.15 

-0.017 

-0.92 

0.70 

-0.644 

-0.026 

4.07 

-0.106 

-1.00 

0.99 

-0.990 

-0.044 

5.97 

-0.175 

-0.95 

0 .88 

-0.856 

-0.058 

5.90 

-0.226 

-0.89 

0.55 

-0.512 

-0.082 

5.87 

-0.517 

-0.74 

0.11 

-0.081 

-0.102 

5.87 

-0.595 

-0.56 

0.19 

-0.106 

-0.116 

5.84 

-0.445 

-0.52 

0.55 

-0.112 

-0.118 

5.84 

-0.455 

-0.06 

0.59 

-0.25 

-0.112 

5.84 

-0.450 

0.18 

0.57 

0.67 

-0.102 

5.84 

1 

-5.92 

. — --y 

0.45 

0.58 

1 

0.165 
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Table  Till 
J-17  (17-21  JtOy) 


Depth 

vr. 

C»V\S— .) 

vr» 

0.0 

o.l4l 

3.94 

0.555 

0.00 

0.60 

0.00 

0.5 

0.120 

3.94 

0.473 

-0.03 

0.32 

-0 .010 

1.0 

0.094 

3.9*^ 

0.370 

-0.15 

0.10 

-0.015 

1.5 

0.064 

3.97 

0.254 

-0.35 

0.06 

-0.021 

2.0 

0.040 

4.03 

0.161 

-0.58 

0.19 

-0.110 

2.5 

0.022 

4.20 

0.092 

-0.78 

0.37 

-0.289 

5.0 

-0.001 

4.30 

-0.004 

-0.92 

1.24 

-l.l4l 

3.5 

.027 

4.23 

-0.110 

0.99 

1.66 

-1.643 

4.0 

-0.045 

4.07 

-0.183 

-0.96 

0.97 

-0.931 

0.058 

3.94 

-0.229 

-O.85 

0.46 

-0.391 

5.0 

0.073 

3.94 

-0.288 

-0.64 

0.17 

-0.109 

5.5 

-0.085 

3.90 

-0.531 

-0.42 

0.15 

-0.55 

6.0 

-0.094 

3.90 

-0.367 

-0.19 

0.25 

-0.048 

6.5 

-0.099 

3.90 

-0.586 

+0.06 

0.58 

0.025 

7.0 

-0.100 

3.90 

-0.590 

0.51 

0.45 

o.i4o 

7-5 

-0.100 

3.70 

-0.590 

0.71 

0.49 

0.548 

1 


\n 


I 


Table  VIII 
J-24  (17-21  July) 


Depth 

ur, 

J 

(yy\  lo'^ 

0.0 

0.255 

4.4o 

1.034 

0.00 

0.11 

0.00 

Oo 

0.145 

4.4o 

0.658 

0.64 

0.06 

0.038 

1.0 

0.057 

4.43 

0.253 

0.75 

0.02 

0.015 

1.5 

0.001 

4.46 

0.005 

0.56 

0.03 

0.017 

2.0 

-0.034 

4.49 

-0.153 

0.31 

0.04 

0.012 

2.5 

-0.056 

4.59 

-0.257 

-0.23 

0.11 

-0.025 

3.0 

-0.072 

4.69 

-0.338 

-0.78 

0.46 

-0.359 

5.5 

-0,083 

4.82 

-0.400 

-1.28 

0.98 

-1.254 

4.0 

-0.092 

4.99 

-0.459 

-1.49 

0.86 

-1.281 

4.5 

-0.098 

5.12 

-0.502 

-1.87 

0.35 

-0.654 

5.0 

-0.105 

5.18 

-0.544 

-1.95 

0.16 

-0.312  ! 

5.5 

-0.107 

5.22 

-0.558 

-2.05 

0.16 

-0.328  1 

6.0 

-0.109 

5.22 

-0.569 

-1.84 

0.21 

-0.386  , 

6.5 

-0.109 

5.22 

-0.569 

-1.50 

0.17 

-0.221 

7.0 

-0.109 

5.22 

-0.569 

-0.86 

0.08 

-0.069 

76 


Table  IX 

J-11  (17-21  July) 


I 


i i 
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Table  IX 

J-17  (18-25  June) 


L<^  O 
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]] 

1 

I 


Table  IX 

j-17  (26  June -7  July) 


Depth 

(^) 

tev/vC-V'3)k»0^ 

^7. 

A-  <iuj4o^V> 

Ji-  2>ui<.a4sr> 

0.0 

-1.3 

503.0 

0.0 

—a  ^ 

-0.60 

,500.6 

0.5 

-1.2 

-1.0 

-0.60 

-423.2 

1.0 

-1.1 

-1.4 

-0.60 

-356.9 

1-5 

0.0 

-3.1 

-0.60 

-264.5 

2.0 

0.0 

1S8.0 

-20.9 

-0.39 

--  '6.7 

2.5 

1.0 

90.0 

-48.6 

-0.61 

- 1.6 

5.0 

4.0 

-17. c 

-64.4 

-0.54 

81.5 

3.5 

4.0 

-106.0 

-99.0 

-0.87 

aoi.9 

4.0 

4.0 

-17?.0 

-63.6 

-l.l4 

^55- 7 

4.5 

5.3 

-226.0 

-31.2 

-1 .23 

255.2 

.3.0 

4.9 

-317.0 

-8.1 

-1.4U 

321.6 

5.5 

5.8 

-395.0 

-10.6 

-1.49 

403.5 

6 .0 

3.7 

-445.0 

-11.2 

-1.53 

4S4.0 

6.5 

3.7 

-453.0 

-2.3 

-1.63 

453.2 

7.0 

3.7 

-430.0 

6.7 

-0.34 

419.9 

7.5 

3.7 

-392.0 

16.3 

-o.oa 

572.1 
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Table  IX 

J-17  (17-21  Jiily) 
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Table  LX 

J-2h  (18-25  June) 


I 

I 


i i 

1 i 
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Table  IX 

J-2k  (26  June-7  July) 
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Table  X 

J-11  (18-23  June) 


Depth 

OJ 

) K 1 0*^ 

vju  ■AKt 

10^ 

0.0 

V.50 

538.4 

-324.6 

57.7 

0.5 

4.50 

403.9 

1717.4 

-199.7 

1.0 

4.50 

283.2 

3209.4 

-373.2 

1.5 

4.30 

161.5 

^159.4 

-485.7 

2.0 

3.71 

54.5 

4632.4 

-624.3 

2.5 

3.21 

-76.6 

.4934.4 

-768.6 

3.0 

3.06 

-198.9 

.-4^-98.4 

-735.0 

3.5 

2.88 

-268.6 

-3795.4 

-658.9 

l^.0 

2.61^ 

-298.6 

.-3014.5 

-570.9 

4.5 

2.49 

-305.0 

.^239.1 

-449.6 

5.0 

2.35 

-277.6 

1325.7 

-524.6 

5.5 

2.19 

-231.6 

924.3 

-215.1 

6.0 

1.98 

-176.2 

515.9 

-150.5 

6.5 

1.69 

-152.3 

217.6 

-64.4 

7.0 

1.19 

-l4i.6 

0.0 

J.O 
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Table  X 

J-11  (26  June-7  July) 


Depth 

OJ 

A 

v>J  ^ 

5t  »0 

0.0 

4.16 

478.4 

-015,0 

109.8 

0.5 

4.16 

396.0 

964.0 

-115.9 

1.0 

4.16 

309.3 

2473.0 

-297.2 

1.5 

4.16 

227.0 

3047 .0 

-429.5 

2.0 

3.71 

112.6 

4412.0 

-594.6 

2.5 

3-21 

r-| 

1 

4903.0 

-763.7 

3.0 

3.06 

-182.0 

4323.0 

-739.1 

3.5 

2.88 

-220.7 

3903.0 

-677.6 

4.0 

2 64 

-230.6 

3277.0 

-620.6 

4.5 

2.49 

-258.3 

2580.0 

-538.2 

5.0 

2.35 

-254.2 

2104.0 

-447.7 

5.5 

2.19 

-265.0 

1309.0 

-544.5 

6.0 

1.98 

-276.1 

938.0 

-236.9 

6.5 

1.69 

-282 .9 

420.0 

-.124.3 

7.0 

1.19 

-278.2 

0.0 

0.0 
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<VO 


3 
3 
3 

X 
•V 

3.71 

3.21 

3.06 

2.88 

2.64 

2.49 

2.35 

2.19 

1.98 

1.69 

1.19 


Tatile  X 

J- 11(17-21  July) 


X.  I '’VW'S"'  ) Jt  \0 


!/  \N  . _<V 


3T 

616.7 

-685.0 

'Zf 

77.4 

494.1 

1756.0 

-196.1 

360.0 

3576.0 

-407.2 

212.8 

4776.0 

-539.0 

74  .5 

5421.0 

-750.6 

-65.0 

5806.0 

-904.4 

-212.3 

5365.0 

-876.3 

-290.9 

4588.0 

-796.5 

-299.4 

x>y^r\  0 
^ ( wv  •'O 

-712.1 

-339.3 

2959.0 

-594.1 

-317.6 

2156.0 

-485.7 

-287.7 

1466.0 

-334.7 

-274.0 

879.0 

-222.0 

-265.5 

385.0 

-115.3 

-249.7 

0.0 

0.0 
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T&ble  X 

J-17  (26  Juae-T  July) 


Depth. 

CO 

^ WJ  A 

It  \o 

HjBiin 

0.0 

5.31 

500.6 

3.55.  C 

-55.6 

0.? 

3.31 

423.2 

1755 .0 

-265.1  ! 

1,0 

3.31 

556.9 

2937.0 

-443.5  I 

1 

1.5 

3.31 

264.3 

5873.0 

-583.0 

1 

2.0 

3.02 

166.7 

4512.0 

-747.0 

2.5 

2.69 

4l.8 

4834.0 

-898.3 

! 5.0 

2.34 

-81.5 

4794.0 

-1024.4 

3.5 

a,  17 

-201.9 

4474.0 

-1030.9 

4.0 

2.02 

-255.7 

3991.0 

-987.9 

4.3 

1.80 

-253.2 

3506.0 

-975.9 

5.0 

1.63 

-321.6 

3025.0 

-927.9 

5.5 

1.57 

-403.3 

2449.0 

-779.9 

6.0 

1.53 

-454.0 

1784.0 

-585.0 

6.5 

1.44 

-453.2 

1107.0 

-384.4 

7.0 

1.34 

-419. 9 

493.0 

-183.9 

7.5 

1.06 

-372.1 

0.0 

0.0 
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J-24  (13-23  June) 
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Tatle  X 

J-2k  (26  June-7  Julj-) 


Depth 

(m) 

LO 

{,m)  )Oo'^ 

jjaifii 

0.0 

5.11 

1047.0 

377.0 

60.6 

0.5 

5.11 

672.0 

2652.0 

-426.6 

1.0 

5.11 

281.5 

4286.0 

-689.1 

1.5 

2.71 

18.0 

4755.0 

-877.3 

2.0 

2.12 

-167.5 

4559.0 

-1075.2 

2.5 

1.62 

-271.8 

4i47.0 

-1279.9 

3.0 

1.32 

-387.9 

3679.0 

-1393.6 

3.5 

1.70 

-527.1 

5114.0 

-1297.5 

4.0 

1.13 

-523.6 

2494.0 

-1103.5 

4.5 

0.96 

-454.9 

1996.0 

-1059.6 

5.0 

0.90 

-473.1 

1589.0 

-882.8 

5.5 

0.71 

-615.9 

1136.0 

-800.0 

6.0 

0.55 

-720.6 

722.0 

-656.4 

6.5 

0.51 

-713.4 

339.0 

-352.5 

7.0 

0.46 

-698.9 

0.0 

o.c 
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Table  X 

J-2k-  (.17-21  July) 


<c<v> 

0.0 

1 

5.59 

1037.2 

125.0 

-17.4 

0.5 

5.59 

644.5 

2985.0 

-415.7 

1.0 

3.59 

256.9 

4446.0 

-6.19.2 

1.5 

2.71 

6.8 

4866.0 

-897.8 

2.0 

2.12 

-154,4 

4684.0 

-1104.7 

2.5 

1.62 

-264.1 

4501.0 

-1527.5 

3.0 

1.32 

-377.9 

5642.0 

-1455.3 

3.5 

1.20 

-530.6 

3282.0 

-1367.5 

4.0 

1.13 

-591.7 

2633.0 

-1156.2 

4.5 

0.96 

-572.6 

2007.0 

-1045.3 

5.0 

0.90 

-578.6 

1476.0 

-820.0 

5.5 

0.71 

-599.0 

987.0 

-605.1 

6.0 

0.55 

-620.3 

615.  c 

-55?.i 

6.5 

0.51 

-605.2 

286.0 

-282.4 

7.0 

0.46 

-592.3 

-0.0 

-o.c 
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DIS-IRTBUriO"'  LIST 


Addressee 


Copies 


Chief  of  Naval  Operations 
Navy  Department 
Washington  25,  D.C. 

Attn;  OP-553D 

Chief  of  Naval  Research 
Navj"  Department 
Washington  £3,  D.C. 

Attn:  Code  k66 

Geophj''sics  Branch 
Code  ^16 

Office  of  Naval  Research 
Washington  25.  D.C. 

Office  of  Naval  Reseerch 
Contract  Administrator 
Southeastern  Area 
c/o  George  Washington  University 
2110  G Street,  IT.W. 

Washington  7^  D.C. 

Mr.  W.  B.  Girkic 
ONR  Resident  Representative 
Ixistitute  for  Cooperative  Research 
1515  St.  PB.V1  Street 
Baltii-aore  2,  Maryland 

Officer- in-Charge 
Office  of  Naval  Research 
London  Branch  Office 
Navy  N\;inber  100 
Fleet  Post  Office 
New  York,  N.Y. 

Office  of  Naval  Eeseai'ch  Branch  Office 
5^6  Broadway 
New  York  13,  N.Y. 

Office  of  Naval  Research  Branch  Office 
Tenth  Floor,  The  John  Crerar  Library  Building 
86  East  Randolph  Street 
Chicago,  Illinois 

Office  of  Naval  Research  Branch  Office 
1030  East  Green  Street 
Pasadena  1,  California 

Office  of  Naval  Research  Branch  Office 

1000  Geary  Street 

San  Francisco,  California 


Director 

Naval  Research  Laboratory 
Washington  25,  D.C. 

Attn;  Technical  Information 
Officer 

U.S.  Navy  Hydrographic  Office 
Washington  23,  D.C. 

Attn:  Division  of  Oceanography 

Assistant  Naval  Attache  for 
Research 
American  Embassy 
Na’/y  100 

Fleet  Post  Office,  New  York 

British  Joint  Services  Mission 
Ma...n  Navy  Bxiilding 
Washington  25,  D.C. 

Chief,  Bureau  of  Ships 
Navy  Department 
Washington  23,  D.C. 

Attn;  Code  8^7 

Ch-ief , Bureau  of  Yards  and  Docks 
Nav?/  Department 
Washington  23,  D.C. 

Director,  U.S.  Navy  Electronics 
Laboratory 

San  Diego  California 
Attn;  Codes  ^^0.  3.^2 

Connvmder,  IlavsH.  Ordnance 
Laboratory 
White  Oak 

Silver  Spring  19,  Maryland 

Amphibious  Training  Command 
Naval  Amphibio’ae  Base 
Little  Creek,  Virgiriia 


r\^  ^ i O-  A . 


U.S.  Naval  Air  Station 
Buildlrg  R-^8 
Norfolk,  Via-ginia 

Department  of  Aerology 

U.S.  Naval  Postgraduate  School 

Monterey,  California 


Dlstri'bufcion  list  (cont*d) 


2 


Copies 


Addressee 


] 

J 


Copies 


Addi'essee 


U.S.  Naval  Underwater  Soimd 
LaUoratory 

New  London,  Connecticut 

U.S.  Navj'-  Mine  Counter  Measure 
Sts,tion 

Panama  City,  Florida 


Armed  Services  Technical  Information 
Center 

Documents  Service  Center 
Knct.t  iioilding 
Dayton  2,  Ohio 

AssistanT.  Secretary  of  Defense  for 
Research,  sind  Development 
Pentagon  B’xLlding 
Washington  25,  D.C. 

Attn;  Committee  on  Geophysics 
emd  Geography 

Cbmmanding  Geuei-al 
Research  and  Development  Division 
Department  of  the  Air  Force 
Washington  25,  D.C. 

Commanding  General 
Research  and  Development  Division 
Depeirtment  of  the  Army 
Washington  25,  D.C. 

U.S.  Army  Beach  Erosion  Board 
5201  Little  Falls  Road,  N.W. 
Washington  16,  D.C. 

District  Engiret^r 

Beiltimore  District 

Corps  of  Engineers,  U.S.  Army 

p.o.  Box  ms 

Baltimore  3,  Maryland 

Waterways  Experiment  Station 
U.S.  Army  Eugiaesre 
VlckstTirg,  Mississippi 

Attn;  Mr.  Alar.  G.  Skelton,  Head 
Research.  Center  Library 

District  Engineers  Office 
U.S.  Army  Engineers 
Norfolk,  Virginia 


Ccramajiding  Officer 
Cambridge  Field  Station 
230  Albainy  Street 
Cambridge  39*  Massachusetts 
Attn;  CRHSL 


1 Director,  U.S.  Coast  and 

Geodetic  E;irvey 
.Oepartmo.nt  of  Canmerce 
Wa.shlngton  23, D.C. 

1 C:maiandant  (OAO) 

U.3.  Coast  Guard 

Wa.shington  23,  D.C. 

2 U.S.  Fish  and  Wildlife  Service 
Departme.nt  of  the  Interior 
Wasidr^on  iS,  .D.C. 

Attn;  Dr.  L.A.  Waif or d 

1 U.S.  Pish  an’  Wildlife  Service 

450  B Jordan  Hail 
Stanford  University 
Steujford,  California 

1 U.S.  Fish  and  Wililife  Service 

South  Atlantic  Fishery 
InvestJ.gations 
P.O.  Box  283 
Br?Jn3w.!.ck,  Georgi.a 

1 U.S.  Fish  and  Willj.ife  Service 
P.O.  Box  3830 
Honol'lLJ,  T.n. 

1 U.S.  Fisn  and  WildJ.ife  Service 

Chesapeake  Shellfish. 

TrrreBtigatlons 
P.O.  Bo.s  131 
Annapclis,  Maryland 
Attn;  Mr.  J.  B.  Engl.e 

1 U.S.  F-loU  ajil  w X : 111  i Tr:  oejTvioe 
Wocds  Hole 
Ma.eaai'dixisetts 

1 U.S.  Fish  and  Wildlife  Service 

Foi*t  Cro<::kett 
Galveston,  Texas 


r 

J 


V 


I 

I 

I 

i 

I 

! 

I 

I 


! 
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DistriTDUtion  l;lbt  (cont*d) 


Copies 


Addressee 


Copies 


Addressee 


1 

1 


1 


1 


1 


1 


1 


5 


U.£ . Fishery  Laboratory  1 

Bea^ifort  , North  Carolina 

Libraui'ian. 

L.3.  C-eoS.oglcal  Surrey 
Room.  1053 

General  Services  Adm.  Follding  1 

Washiiiaj,c>n  25;.  .0,0. 

Nai;io.nar.  Ressarch  Council 

2101  Constitution  Aven’^e 

Washington.  25.'  O,''-.  1 

Attn;  jm.j-i.Lttee  on  Undersea  Warfare 
Dr.  Garbis  H.  Keulegan 

hydraulics  Division  2 

National  Bureau  of  Standards 
Washington  ?5.>  U.C. 

Division  of  Water  Pollution  Control  1 

U.S.  Public  health  Service 
Federal  Security  Ag  ency 
Washing+.on  25.  I'^C- 

Attn;  Xr,  A.  F.  Bortsch 

Office  of  Technical  Services  1 

Department  ot  Commerce 
Washington  25,  D.C, 

Weather  Bureau  Library’’ 

2kt't  sad  M Streets,  N.W.  1 

Washington  25,  D.C. 


1 

Department  of  Research  and  Education 
State  of  Mac.ylan.d 
Solomon s , Maryland 


Mr.  Edwin  M,  Barry 

Chief,  Inland  Fish  Management 

State  Game  and  Inland  Fish  Commission 

5?-b  .Munsey  BitLlding 

Baltimore  2,  Maryland 

Water  I’ollution  Control  Commission 
State  of  Maryland 
2203  North  Charles  Street 
Baltimore  l8,  Maryland 

Department  of  Information 
State  Office  Building 
Annapolis,  Maryland 

Director 

V5.rglnia  Fisheries  Laboratory 
G*Lo*.xc6  8. 

Director 

Divdeion  of  Statutory  Research 
and  Drafting 
Stat.e  Cap.i.tol 
Richmond  19,  Virginia 

Municipa.!  Reference  Library 
2230  .Mimic ipal  Building 
2ibw  York  7,  'n.Y. 

.Attn;  Mi.^s  Amelia  H.  Mimso.n 

Bnltiii'.rsro  C..-;;nty  Health  Department 

.T''>T.f O.'I'.  h 
^ 

Attn:  Mv.  V.  R,  Sxuiivan 

Ta.lb-jt-  County  Free  Library 
Easton,  Maryland 

Attn;  Sarah  F.  Cockey 

T,ibrsri9.n 


1 Director 

Mar^y-land  Depart'".ent  .of  Geology,  Mines  1 
and  Water  Resources 
r./n  y-p  .T.'/nr.rt  RnpMns  University 
Baltin,  .re  I8,  Maryland 

1 

2 Board  of  Natural  Reso’rrf.ea 
Dept,  -of  Tidewater  Fi.sheries 
State  Officp;;  Building 
Annapolis . Maryland 

Attn:  Mr,  Arthur  H,  Brice,  Chairman 


;Jin<'2j'ia.'r-  Ocearo 'graphic  Foundation 
.'ia.i.e  Uuivor.eiti'' 

Uev/  Ka\'on.  Co.nnectic'.r'-, 

.Dr,  R.  3,  M.cntgomerj’' 

Pr.ofessor  o.f  Oceanog’aphy 
Bro>m  University 
Providence,  R.I. 
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Difltrll)uticn  list  (cont'd) 

Copies  Addressee 

1 Department  of  Con-servation 

Cornell  University 
Ithaca^  New  York 
Attn:  Dr.  J.  Ayers 

1 The  Oceanographic  Institute 

Florida  State  University 
Tallahansee,  Florida 

1 Director 

Narragansett  Marine  laboratory 
Kingston,  Rhode  Island 

2 Department  of  Meteorology  ant 

Oceanography 
New  York  University 
New  York,  N.Y. 

1 Marine  Physical  Laboratory 
Scripps  Institution  of  Oceanography 
Point  Loma,  California 

2 Director 

Institution  of  Oceanography 
La  Jolla,  California 

1 Heaui,  Department  of  Oceanography 

Texas  A and  M College 
College  Station,  Texas 

1 Director 

Marine  Laboratory 
University  of  Miami 
Coral  Gables,  Florida 

1 Allen  Hancock  Foundation 
University  of  Southern  California 
Los  Angeles  7,  California 

2 Departniciit  of  Oceaiiograpriy 

University  of  Washington 
Seattle  5.*  Washington 

Attn:  Dr.  Richard  H.  Fleming 
" Lihrarian 

2 Director 

Woods  Hole  Oceanograplxic  Institution 

Woods  Hole,  Massachuseios 


Copies  Addressee 

1 Bears  Bluff  Laboratories 

Wadmalaw  Island,  S.C. 

Attn:  Mr.  G.  Robert  Lunz, 
Director 

1 Director,  Hawaii  Marine 

Laboratory 

University  of  Hawaii 
Ecnoliilu,  T-H. 

1 Institute  of  Fisheries  Research 

University  of  North  Carolina 
Moiehead  City,  North  Carolina 

1 Director 

Institute  of  Marine  Science 
Port  Aransas,  Texas 

1 Wm.  G.  Kerckhoff  Laboratories 

of  the  Biological  Science.: 
California  Institute  of 
Tschnolog;." 

Corona  del  Mar,  California 

1 Marine  Biological  Laboratory 

Woods  Hole,  Massach’osetts 
Attn:  Librarian 

1 Marine  Laboratory 

Duke  University 
Beav^ort,  North  Carolina 

1 Library 

Museum  of  Conpai-ative  Zoology 
Har'irard  University 
Cambridge , Ms s sacliiisetts 

1 Stone  Biological  Laboratory 

Put-in-Bay 
Ohio 

1 Dtrpartiiient  of  Zoolog;/' 

Rutgers  University 

New  Br’onswick,  New  Jersey 


Brown  University 
Providence,  Rhode  Islan’i 
Attn:  Dr.  Georg:  W.  iv^organ 
A. -plied  Math.  Dept. 


1 
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Dla’trlbwtion  list  (cont*d) 


Coptei 


Addressee 


Cc^les 


Addressee 


Institute  for  Cooperative  Research 
Hie  Johns  Hopkins  University 
1515  St.  Paul  Street 
Baltimore  2,  Maryland 
Attn:  Librarian 

The  Johns  Hopkins  University 
Baltimore  I8,  Maryland 

Attn:  Librarian  (Acquisitions  Dept.) 


Department  of  Zoology 
Oklahoma  A and  H College 
Stillwater,  Oklahoaa 
Attn:  Dr.  I.  Eugene  Wallen 

Limnology  Library 
Biology  Building 
University  of  Wlscotwln 
Madison  5,  VlBconsln 


2 Department  of  Sanitary  Engineering 
The  Johns  Hopkins  UnlverBlty 
Baltimore  18,  Maryland 
Attn:  Dr.  Abal  Wolman  (1) 

Dept.  Library  (1) 

1 Department  of  Civil  Englneerlig 

The  Johns  Hopkins  University 
Baltimore  18,  Maryland 

Attn:  Dr.  George  S.  Benton 

1 The  Isaiah  Bowman  School  of  Geography 

The  Johns  Hopkins  University 
Baltimore  18,  Maryland 
Attn:  Dr.  George  Carter 

4 ttoiversity  of  Maryland 

College  Park,  Maryland 
Attn:  Miss  Virginia  Ehlllipe 

Ass't  Reference  Llbrerlan 
" Librarian,  Maryland  Division 

**  Department  of  Biology 

" Bureau  of  Public  Administration 

Christian  L.  Larsen,  Director 


1 Enoch  Pratt  Tree  Library 
IfOO  Cathedral  Street 
Baltimore  1,  Maryland 
Attn:  Miss  Zllcabeth  C.  Lltsinger 
' Head,  24ArylM3d  Department 

1 The  Oyster  Institute  of  North  Aaerica 
6 Mayo  Avenue,  Bay  Ridge 
Annapolis,  Maryland 
Attn:  Mr.  David  E*  Wallace, 

Director 

1 Atlantic  States  Marine  Fisheries 
22  Vest  First  Street 
Mount  Vernon,  New  York 
Attm  Mr.  Wayne  D.  Heydecker 

1 California  Academy  of  Sciences 
Golden  Gate  Park 
San  P^ranclsco,  Callforxd.a 
Attn:  Dr.  R.  C.  Miller 


1 Department  of  Engineering 
university  of  California 
Berkeley,  California 

1 Xhiiversity  of  Califonala 

Department  of  Meteorology 
Hilgard 

Los  Angeles  2k,  California 
1 Director 

Lsmont  Geological  Cbcsrvatcxry 
Columbia  University 
Torrey  Cliff 
Palisades,  New  York 


2 Department  of  Zoolo^ 
University  of  Cape  Town 
Rondebosch 
3COTH  AFRICA 

Attn:  Dr.  N.  A.  Millard  (1) 
Dr.  J.H.Day  (1) 

1 Fisheries  Division,  C.S.I.R.O. 
P.G.  21 
Cronxillft,  N.S.V. 

AUSTRALIA 

Attn:  Dr.  D.  J.  Rochford 
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Addressee 


Copies 


Addressee 


Copies 


1 


1 


1 


1 


2 


1 


1 


1 


Atlantic  Biological  Station 
Fislieries  Research  Board  of  Casiada 
St.  Andrews 
New  Brmiswick,  Canade, 

Dr.  John  P, 

Pacific  Oceanographic  Group 
c/o  Pacific  Biological  Station 
Nanaimo 

British  Columbia,  CANADA 

Pacific  Biological  Station 
Flsherie;  Research  Board  of  Canada 
Nanaimo 

British  Columbia,  CANADA 

Naval  Research  Establishment 
HMCS  "iStadacona" 

Halifax 

Nova  Scotia,  CANADA 

Fisheries  Research  Board  of  Canada 

Zoological  Bviilding 

University  of  Toronto 

Toronto,  Ontario 

CANADA 

Institute  of  Oceanography 
University  of  British  Columbia 
Vancouver,  Canada 

Attn;  Dr.  W.  M.  Cameron  (1) 
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